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Abstract
Magnetization hysteresis loopM(H) measurements performed on a single crystalline
Ba0.63K0.37BiO3 superconducting thick film reveal pronounced sample geometry de-
pendence of the “second magnetization peak” (SMP), i.e. a maximum in the width
of M(H) occurring at the field HSMP(T ). In particular, it is found that the SMP
vanishes decreasing the film dimension. We argue that the observed sample geom-
etry dependence of the SMP cannot be accounted for by models which assume a
vortex pinning enhancement as the origin of the SMP. Our results can be under-
stood considering the thermomagnetic instability effect and/or non-uniform current
distribution at H < HSMP in large enough samples.
Recently, the dependence of the second magnetization peak (SMP) - a maxi-
mum in the width of the magnetization hysteresis loop - on the sample geom-
etry has been reported for Nb films [1,2] and Bi2Sr2CaCu2O8 single crystals
[3]. In particular, it was found that the SMP vanishes in both superconductors
for small enough dimensions of the samples. The occurrence of the SMP in
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Fig. 1. Positive field region of magnetization hysteresis loops measured in the virgin
film (sample F1) perpendicular (H||z) and parallel (H||x) to the main surface of
the film. For H||z configuration we indicate the magnetic fields corresponding to
the first Hfp and second HSMP magnetization peaks, as well as the SMP onset field
Hon.
large samples has been interpreted in terms of the thermomagnetic instability
(TMI) effect that leads to a reduced, as compared to the isothermal critical
state value, irreversible magnetization at H < HSMP(T ), where HSMP(T ) cor-
responds to the field at the SMP. On the other hand, Gurevich and Vinokur
(GV) [4] have suggested that the SMP can result from a non-uniform current
flow at H < HSMP(T ) due to material inhomogeneities, without invoking TMI
effects. This model [4] also predicts the vanishing of the SMP decreasing the
sample size. Thus, the interpretations of SMP given in Refs. [1–4] are fun-
damentally different from those based on an increase of the critical current
density, implying that a careful distinction between the different approaches
is necessary. The study of the sample geometry dependence of SMP is one of
the experimental instruments allowing for such a distinction.
The purpose of the present work is to verify the effect of the sample geometry
on the SMP in the non-cuprate, isotropic high-Tc (Tc ≃ 30 K) superconductor
(Ba,K)BiO3. The here studied sample is a Ba0.63K0.37BiO3 single crystalline
thick film grown on BaBiO3 single crystal as a seed. The details of the film
preparation are described elsewhere [5]. The good quality of the film was
confirmed by x-ray diffraction measurements (rocking curve FWHM ≤ 0.4o).
The virgin film with dimensions a× b× c = 2.9× 2.2× 0.25 mm3, labeled as
F1, was structured with the help of a thin wire in 10 stripes of size 0.12×2.2×
0.25 mm3, i.e. with the cuts parallel to the sample b- direction. This sample is
labeled as F2. Then, the stripes size was further reduced to 120×120×250 µm3.
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Fig. 2. Positive field region of magnetization hysteresis loops measured in the sample
F2 for the three orthogonal field directions.
This sample, consisting of small-size bars, is labeled as F3.
Isothermal magnetic hysteresis loopm(H) measurements (m(H) is the sample
magnetic moment) were performed using a SQUID magnetometer (Quantum
Design-MPMS7). The measurements were always made after cooling the sam-
ple in a zero applied magnetic field to the target temperature. In this work we
restrict the presentation and discussion of the results obtained at T = 5 K.
Figure 1 shows magnetization curves M(H) = m(H)/V (V is the sample
volume) measured with H||x and H||z (here and below x, y and z axes are
directed along a, b and c dimensions of the virgin film, respectively). As seen in
Fig. 1, the virgin magnetization |M(H)| shows a local maximum at µ0Hfp ≃
0.1 T, decreases with field and reaches a minimum at µ0Hon ≃ 1.3 T and
peaks again at µ0HSMP ≃ 3 T (the SMP onset field Hon is nearly temperature
independent at T < 20 K).
The first hint on the sample geometry dependence of the SMP comes from
the pronounced difference in the hysteresis loops measured in the sample F1
with the field oriented perpendicular and parallel to the film,s main surface.
Indeed, as Fig. 1 demonstrates, the SMP is pronounced for the transverse
(H||z) geometry, whereas it is small for the parallel field configuration (H||x).
It has been shown, however, that the seeded growth- induced anisotropy may
affect the SMP [6]. To check this we have measured M(H) in the sample
F2 for all three field orientations (H||x,H||y, and H||z). Results of these
measurements, given in Fig. 2, indicate that a well defined SMP takes place
for H||x, i. e. again for the transverse geometry, whereas for H||y and H||z,
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Fig. 3. (a) Positive field region of magnetization hysteresis loops measured in the
samples F1, F2, and F3 with H||z, and plotted in a semilogarithmic scale. (b)
Half-width of the hysteresis loops Mhw(H) obtained for the samples F1, F2, F3 and
normalized by the value at µ0H = 3 T. H||z: open symbols, H||x: solid symbols
(only for the sample F3).
the SMP is rather weak. This implies that the SMP is determined by the
sample geometry, while the possible growth-induced anisotropy is irrelevant.
Figure 3(a) shows M(H) measured in the samples F1, F2, and F3 with
H||z, i.e. with the field direction parallel to the unchanged sample dimen-
sion (c = 250 µm). Figure 3(b) shows the half-width of the hysteresis loops
Mhw(H) = [M
+(H) − M−(H)]/2 obtained for the three samples and nor-
malised by its value at µ0H = 3 T (M
+(H) and M−(H) are the magnetisa-
tion corresponding to the ascending and descending branches of the hysteresis
loop). For completeness, Mhw(H)/Mhw(3T ) obtained for the sample F3 with
H||x is also given in Fig. 3(b). As Fig. 3(a,b) demonstrates, the SMP is almost
completely suppressed in the sample F3 which consists of the smallest-size
bars.
We stress, that the hysteresis loops measured in all samples and for differ-
ent field orientations are symmetrical with respect to the zero magnetization
axis. This indicates that the hysteretic mechanism is dominated by bulk vor-
tex properties as well as that the pinning induced irreversible magnetization
|Mirr(H)| is much larger than the equilibrium magnetization |Meq(H)|. Thus,
|Mhw(H)|(∼ |Mirr(H)|) is proportional to the critical current density jc(H)
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which can be calculated using the Bean model for either transverse or longi-
tudinal geometry [7]. We estimate for our samples jc ∼ 109 A/m2 at T = 5 K,
which slightly varies in the field interval Hfp < H < HSMP.
The magnetization time relaxationMirr(t) measured in this work demonstrates
that the vortex creep at 5 K only weakly affects jc. The obtained logarithmic
relaxation rate at H < HSMP, β = −d(log(Mirr))/d(log(t)) ∼ 0.02 is in agree-
ment with previous reports [8].
We start the discussion of the experimental results comparing the sample
dimensions to the relevant vortex-pining-related characteristic lengths. At
H ∼ Hon ∼ 1 T (<< Hc2(0)) [6] and taking the London penetration depth
λ(0) ∼ 0.3 µm, coherence length ξ(0) ∼ 4 nm, the Ginzburg-Landau parame-
ter κ = λ/ξ ∼ 75 [6], and jc ∼ 109 A/m2, we obtain:
– the longitudinal collective pinning length [7] Lc = (c44/c66)
1/2Rc ∼ 3 µm,
– the transverse correlation radius Rc = 8πr
2
pc
1/2
44 c
3/2
66 /W ∼ 50 nm (with the
range of the pinning force rp ≃ ξ),
– the longitudinal size of the elastic cage L0 = (ǫ0/c66)
1/2 ∼ 0.2 µm, appear-
ing in the theory of the disorder-driven transition between the flux-line-lattice
(FLL) and the entangled vortex state [9,10].
Here c44 ≃ H2µ0 and c66 ≃ Φ0H/16πλ2 are the FLL tilt and shear mod-
uli, respectively, ǫ0 = (Φ
2
0/4πµ0λ
2) ln(κ) is the vortex line energy, W =
(Fpr
3
pc
2
66c44)
1/2/(1.51/2/32π2)1/2 the parameter which measures the pinning
strength [7], and Fp = Bjc the pinning force. Hence we conclude that the
reduction of the sample dimension to ∼ 100µm cannot affect the pinning effi-
ciency of vortices. Thus, the observed sample size dependence of the SMP is
clearly against an interpretation of the SMP based on an increase of jc(H).
Note also that Lc ≫ L0, i.e. vortices are in a different pinning regime from
that discussed in Refs. [9,10].
Alternatively, Refs. [1–4] treat the SMP as resulting from either a TMI effect
[1–3] or from a non-uniform current flow due to material inhomogeneities [4]
which takes place at H < HSMP. According to the TMI theory, the condition
for thermomagnetic stability is achieved for an effective sample dimension
seff < scrit = 10Hfj/4πjc [11], where Hfj is the field at which the first magneti-
zation jump (or reduction of the isothermal critical state magnetization which
can occur in a rather smooth fashion even in Nb films [1]) takes place. Within
our interpretation (see also Refs. [1–3]), Hfj ≃ Hfp. Thus, taking the experi-
mental values for µ0Hfp ∼ 0.1 T and jc ∼ 109 A/m2, we get scrit ∼ 100 µm.
For the sample F1 in the transverse geometry, H||z, seff ∼ (bc/2)1/2 ∼ 500 µm
[12], i.e. seff ≫ scrit. Therefore, a pronounced SMP is expected as observed in
this geometry (see Fig. 1).
Similarly, for H||x the effective sample (F1) size [11] seff = c/2 = 125 µm,
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i.e. seff ∼ scrit. In this case, we would expect an essential suppression of the
SMP as compared to the transverse geometry, which is also in agreement with
the experimental observation (see Fig. 1). For an intermediate geometry seff
cannot be easily estimated. For instance, the case of the sample F2 (long
stripes with a nearly square cross section) with H||x, resembles that of a wire
in a field applied normal to the wire axis, where the development of the SMP-
like feature can be recognized as the length of the wire increases (see Fig. 3
in Ref. [13]). Figure 3 (a, b) clearly demonstrates that the SMP ultimately
vanishes as the sample dimensions become of the order of ∼ 100 µm.
On the other hand, in Ref. [4] the hollow in the magnetization hysteresis loop
in the field interval Hfp < H < HSMP, has been attributed to a non-uniform
current flow due to material inhomogeneties with a spatial scale L≫ Lc. This
model predicts the vanishing of the SMP when the sample width becomes
smaller than wc ∼ L
√
n, where n = (1 + β)/β. Taking wc ∼ 100 µm and
the experimental value for n ∼ 50 (β ∼ 0.02) we get L ∼ 14 µm. Then the
question arises: is the size of the inhomogenities specific to our sample or it
has a more general origin ?
It is interesting to note that the SMP was essentially suppressed reducing the
lateral sample size to ∼ 100 µm also in Nb films [2] and Bi2Sr2CaCu2O8 single
crystals [3], suggesting (within the framework of the GV theory) a similar scale
length L in these otherwise different superconductors. It is tempting to asso-
ciate this fact with the irregular fractal-type flux penetration observed at low
fields in various superconductors such as, e. g., Nb films [14], Bi2Sr2CaCu2O8
and YBa2Cu3O7−x single crystals [15], Tl2Ba2CuO6+x and YBa2Cu3O7−x thin
films [16], and assume L as a characteristic width of flux droplets or fingers of
size ∼ 10 . . . 100 µm [14–16]. If such a scenario is correct, a combined effect of
a non-uniform current flow due to the fractal-type flux penetration and TMI
can be expected.
We note further that local heating leading to avalanche-like flux penetration
in Tl2Ba2CuO6+x and YBa2Cu3O7−x thin films has been proposed in Ref. [16].
The dependence of the fingering on thermal conditions as well as on the sample
size was also reported for untwined YBa2Cu3O7−x single crystal [17]. Further
theoretical and experimental work is needed to clarify the joint contributions
of the TMI and non-uniform current flow to the development of the SMP in
numerous superconductors as well as in (Ba,K)BiO3 [18].
To conclude, we reported the vanishing of the SMP decreasing the sample size
in isotropic non-cuprate high-Tc superconductor Ba0.63K0.37BiO3. The results
provide evidence that the SMP is not related to the enhancement of the pin-
ning efficiency of vortices and strongly suggest that the SMP originates from
a thermomagnetic instability effect and/or from a non-uniform current flow.
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